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Summary  Report  on  Development  of  a 
Mechanical  Type  of  Ultrasonic  Guidance  Device 

for  the  Blind 

Introauotion 


1.  The  purpose  of  this  report  is  to  briefly  summarize  the  work  done 
by  the  Hoover  Company  on  the  development  of  a  mechanical  type  of 
ultrasonic  guidance  device  for  the  blind.  The  report  covers  a 
period  from  December  1944  to  March  1947.  During  that  period  the 
development  was  handled  under  the  following  contract-3. 

OEMsr-1371  OSRD  6-24-44  to  10-15-45 

OEMcmr-522  OSRD  10-15-45  to  10-31-45 

W-49-007-MD-347  National  Academy  of  Sciences  11-1-45  to  6-30-46 
VAm-21223  National  Academy  of  Sciences  7-1-46  to  10-31-46 

VAm-21223  Subcontract  8,  Supplement  No. 3  11-1-46  to  6-30-47 

(Still  Active) 

Haskins  Laboratories  has  served  as  the  coordinating  laboratory 
during  the  entire  development  period  to  date. 


Statement  of  Task 


2.  The  assignment  covered  specifically  the  development  of  a  guidance 
device  employing  a  mechanical  type  generator  and  operating  at 
frequencies  above  the  audible  range.  Although  this  basic  objec¬ 
tive  remained  in  effect  during  the  entire  development  there  were 
certain  phases  of  the  work  that  changed  as  the  work  progressed. 

For  example,  when  the  development  was  first  undertaken  under 
OEMsr-1371  it  was  requested  that  special  attention  should  be 
given  to  investigation  of  a  unit  employing  a  "gating  type"  range 
finder  such  as  proposed  by  Dr.  3.  Ramo.  Later  when  it  was  found 
that  the  gating  principle  was  not  enthusiastically  accepted  by 
the  blind,  it  was  requested  that  efforts  should  then  be  concen¬ 
trated  on  the  development  of  a  small  high  frequency  type  of  de¬ 
vice  without  a  gating  switch  and  with  emphasis  being  placed  on 
light  weight  and  portability. 

Basic  Principle  of  Operation  of  Hoover  Units 

3.  The  basic  principle  of  operation  of  the  Hoover  developed  units  was 
that  of  periodically  radiating  pulses  of  ultrasonic  energy  in  a 
desired  direction  by  striking  the  end  of  a  longitudinally  resonat¬ 
ing  rod  supported  at  its  midpoint,  and  then  detecting  the  ultra¬ 
sonic  energy  reflected  by  obstacles  or  surfaoes  in  the  vicinity. 
Various  means  of  striking  the  bar,  and  of  converting  the  time 
delay  of  the  reflected  pulse  into  distance  information  were  tried 
as  will  be  described  in  the  following  paragraphs.  Also  the  invest! 

gation  covered  the  use  of  various  size  bars  for  various  frequencies 
•  and  the  study  of  different  materials  in  order  to  obtain  the  maxi¬ 
mum  energy  output  from  a  bar  of  a  given  size. 


Design  Requirements 

4  At  the  beginning  of  the  development  a  rather  wide  degree  of 
latitude  was  permitted  in  design  requirements  in  order  not  to 
handicap  the  early  development  of  the  device.  For  example,  on 
the  early  long-range  obstacle  detector  the  principle  requirements 
wer9  merely  that  the  device  should  preferrably  weigh  less  than 
10  pounds  ana  that  it  should  cover  a  maximum  distance  range  of 
approximately  50  feet.  Later  when  it  v/as  decided  to  concentrate 
on  a  short-range  obstacle  detector  the  design  requirements  were 
more  specific  and  were  as  follows: 

a.  Weight:  Total  weight  not  to  exceed  2  pounds. 

The  weight  of  the  ’’prospector”  was  not 
to  exceed  one-half  pound,  which  would 
leave  l£  pounds  for  the  separate  battery 
and  receiver  case.  ( 

b.  Battery  Life:  Minimum  of  10  hrs.  each  for  A  and  b  batteries 

c.  Range:  0-10  feet 

d.  Indication:  Tactile 

e.  Sensitivity:  Should  be  able  to  detect  a  light  cord  at 

a  distance  of  3  feet. 

Design  Sketches 

5.  During  the  course  of  the  development  to  date  a  total  of  60 
Design  Sketches  have  been  prepared  covering  ideas  on  various 
types  of  generators  and  receiver  circuits.  Prints  of  these 

'  sketches  have  been  supplied  to  Raskins  Laboratory.  Also  at  the 
time  the  work  was  transferred  from  O.S.R.D. jurisdiction  to  the 
National  Academy  of  Sciences,  report  K-153  ’’Final  Report  on 
Inventions"  v/as  prepared  and  forwarded  to  Dr.  G.  W.  Corner, 
oovering  a  discussion  of  most  of  the  sketches  prepared  up  to 
that  time.  The  latter  report  (K-153)  however  was  confined  to 
the  development  under  contracts  OMsr-1371  and  OBdcmr-522  and 
therefore  does  not  pertain  to  the  more  recent  contracts 
W-49-007-MD-347 ,  VAm-21225,  and  VAm-21223  Subcontract  3 
Supplement  No.  3.  An  additional  report  will  be  prepared  at  a 
later  date  if  necessary  covering  these  later  contracts. 

Total  Number  of  Models  Built 

6.  A  total  of  27  working  models  have  been  built  to  date  by  the 
Hoover  Company.  Six  of  these  which  are  considered  representa¬ 
tive  are  described  in  the  following  paragraphs. 

Manually  Operated  Generator 

7.  The  first  working  model  built  was  that  (Model  2455)  shown  in  Fig.  1, 
page  3.  This  model  consisted  of  a. manually  operated  striker  with 

a  dash-pot  controlled  damper  for  the  vibrating  bar.  A  three-screw 
bar  mounting  was  used.  Other  adjustments  were  provided  to  regu¬ 
late  the  length  of  stroke  and  the  amount  of  energy  imparted  to  the 
bar  by  the  striker.  The  unit  was  originally  equipped  with  a  4£"  x 
fc"  steel  bar  for  27  KC  although  later  bars  of  other  frequencies  in 
steel,  aluminum,  monel,  and  brass -were  tried  with  the  result  that 
hardened  steel  and  aluminum  were  f'bund  to  be  the  most  satisfactory. 


hqou.2455 


Model  24®  Manually  Operated  Ultrasonic  Generator 
with  Dash-pot  Delayed  Damper 


Model  2459-A  Soring  Driven  Generator  with  Gating  Switch 
Operating  at  I  Pulse  Per  Second 
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8.  The  above  model  was  constructed  primarily  as  a  "bread  board" 
model  for  laboratory  use  and  was  very  useful  in  the  early  study 
of  the  generation  and  radiation  of  ultrasonic  energy.  This 
model  incidentally  was  the  most  powerful  of  any  of  the  models 

•  built,  which  was  probably  due  to  the  combined  use  of  a  long  aim 
striker  of  high  acceleration  and  a  fairly  low  frequency  bar. 

Spring  Operated  Generator  With  Gating  Switch 

9.  Fig.  2  page  3  shows  a  spring  operated  generator  (Model  2459-A) 
equipped  with  a  gating  switch.  The  object  was  to  provide  a 
model  which  would  be  100  percent  spring  operated  and  which 
would  therefore  require  no  batteries.  Since  it  was  not  possible 
to  use  an  escapement  mechanism  to  control  speed,  it  was  neces¬ 
sary  to  use  a  miniature  fly-ball  friction  type  governor  instead. 
This  is  shown  in  the  photograph.  The  unit  was  designed  to 
operate  for  approximately  one  minute  with  one  winding.  The 
pulse  rate  was  one  per  second  which  incidentally  was  later 
found  to  be  too  slow  for  practical  use. 

10.  The  above  model  was  the  first  to  incorporate  a  gating  switch. 

The  Ramo  gating  principle  consists  of  a  generator  sending  out 
short  pulses  of  supersonics  periodically  and  a  receiving  system 
which  is  made  momentarily  operative  after  a  variable  time 
delay  following  the  outgoing  pulse.  A  distinctive  signal 
appears  in  an  earphone  when  the  gating  switch  is  synchronized 
with  the  reflected  pulse  from  an  obstacle,  and  the  position 

of  the  manual  adjustment . lever  is  a  measure  of  the  distance  to 
the  obstacle.  The  small  flashlight  battery  and  bulb  shown  in 
the  photograph  were  used  merely  as  a  flasher  system  to  demon¬ 
strate  the  operation  of  the  gating  principle.  The  model  also 
incorporated  a  quick  acting  damper  which  was  actuated  by  the 
striker. 

11.  Although  this  model  performed  fairly  satisfactorily  there  were 
three  items  which  obviously  needed  improvement.  These  were 

(1)  the  speed  of  the  striker  would  change  slightly  as  the  spring 
became  run  dov/n,  (2)  the  rate  of  the  striker  was  too  low,  and 
(3)  the  striker  would  not  always  operate  at  a  uniform  rate  in 
all  positions  even  though  a  counter  weight  was  used. 

Miniature  Spring  Driven  Timer  With  blectrically  Operated  Striker 

12.  Since  experience  with  the  previous  model  had  indicated  that  it 
v/ould  require  a  very  large  and  powerful  spring  mechanism  to 
operate  the  striker  properly,  it  was  decided  to  try  a  unit  in 
which  the  striker  was  operated  electrically  by  a  solenoid. 

The  timer  for  the  solenoid  was  to  be  spring  driven  hut  this 
could  he  a  miniature  unit  since  its  only  function  was  to 
operate  a  timing  switch  and  a  gating  switch. 
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-  e  shove  model  (model  £461)  is  shown  in  Fig.  3  page  6. 

Special  features  of  this  model  included  a  pivoted  armature  for 
-J-e  solenoid  as  a  means  of  reducing  friction,  the  use  of  a 
h,  :her  pulse  rate  of  five  per  second,  and  the  use  of  a  low 
over  consuming  solenoid  which  operated  from  flashlight  cells. 

'  1  this  system  uniform  operation  was  obtained  and  plane  sur- 
’ bes  up  to  16  feet  distant  could  readily  be  detected  to 
v in  t  1  foot.  Also  an  intercepting  plane  3  feet  or  more 
;oved”from  the  original  plane  could  be  detected.  This  per- 
'  j.  ...time  was  obtained  v/ith  a  27  KC  steel  bar  and  without  the 
j  j  of  a  mechanical  damper  which  by  this  time  had  been  found 
to  be  unnecessary  3ince  it  was  found  practical  to  apply  per¬ 
manent  damping  to  the  bar. 

p p r t a b le  Spring  Driven  Timer  with  Solenoid  Operated  Generator 

a.  Because  of  the  satisfactory  performance  of  the  above  model  it 
was  decided  to  incorporate  the  same  principle  of  operation 
into  a  small  complete  searching  unit.  However  the  new  model 
was  to  contain  certain  improvements  as  follows:  (1)  the  pulse 
rate  was  to  be  increased  to  10  per  second,  and  ( 2)  the  unit 
was  to  be  made  more  compact  by  using  a  leaf  spring  mounting 
instead  of  the  pivot  mounting  for  the  solenoid  armature.  A 
photograph  of  this  unit  (model  2478-A)  is  shown  in  Fig.  4,  page  6. 

i  I  -  pv e  latter  model  wa3  constructed  with  an  18.5  KC  generator  bar 

5I  inches  long  in  order  that  the  unit  might  be  used  with  a  Navy 
Supersonic  Receiver  which  had  been  loaned  by  Haskins  Laboratories. 
Outdoor  tests  showed  excellent  performance  up  to  55  ft.  The 
soring  operated  motor  for  the  timing  and  gating  switches  would 
run  for  approximately  three  minutes  with  one  winding  and  with 
only  a  10^o  reduction  in  speed. 

motor  Driven  Timer  v/ith  Solenoid  Operated  Generator 

16.  Fig.  5  page  7  shows  a  portable  searching  unit  (Model  2489)  in 
which  the  spring  driven  timing  motor  was  replaced  with  a  minia¬ 
ture  electric  motor.  This  was  done  in  order  to  make  the  unit 
more  compact  and  to  eliminate  the  necessity  for  continually 
having  to  re-wind  the  spring.  The  electric  motor  (supplied  by 
DelcoT  was  equipped  with  a  very  effective  constant  speed 
governor,  and  a^gear  train  was  employed  whereby  the  motor  speed 
was  reduced  from  6000  rpm  to  600  rpm  (10  rps) .  The  entire 
assembly  was  mounted  in  sponge  rubber  to  reduce  noise  and 
vibration.  The  battery  supply  consisted  of  a  6  volt  lantern 
type  battery  for  the  solenoid,  and  6  medium  size  flashlight 
cells  to  supply  a  total  of  15  volts  for  the  motor;  a  67.5  volt 
battery  and  two  large  flashlight  cells  for  the  receiver 
filament  supply. 

i 
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Model  2461  Miniature  Spring  Driven  Timer  and  Gating  Switch 
with  Pivoted  Armature  Solenoid  Generator 


Model  2478A  Portable  Spring  Driven  Timer  and  Gating  Switch 
with  Solenoid  Type  Generator 


Model  2489  Motor  Driven  Timer  and  Gating  Switch 
with  Solenoid  Type  Generator 


Model  2489-A  Complete  Motor  Driven  Solenoid  Type  Searching  Unit 
with  Microphone  Mounted  on  Generator  Unit 
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17.  Tests  were  made  on  this  model  at  Worth  Canton  at  18.5  KC, 

23.5  KC,  24.8  KC  and  33.1  KC.  The  lower  frequency  gave  he3t 
performance  because  of  higher  generator  output  and  less  air 
absorption.  The  complete  unit  (18.5  KC)  was  submitted  to  Haskins 
Laboratories  for  test  during  March  1946  and  shortly  afterward  was 
returned  for  minor  modifications  which  included  reducing  the  max¬ 
imum  distance  range  to  25  feet  and  combining  the  microphone  and 
generator  into  a  single  unit  as  shown  in  Fig.  6,  page  7.  The 
latter  change  was  found  to  be  necessary  because  of  the  directional 
properties  of  the  signal. 

18.  The  revised  unit  comprising  Models  2469-A  searching  unit  and 
8095-b  receiver  was  then  returned  to  Haskins  Laboratories  during 
April  1946  and  was  subjected  to  extensive  tests  in  the  hands  of 
sightless  persons.  The  results  of  those  tests  as  recorded  in 

a  report  "Research  on  Guidance  Devices  for  the  blind",  prepared 
by  Dr.  F.  S.  Cooper  and  Dr.  Paul  Z.  Zahl  of  Haskins  Labora¬ 
tories  indicated  that  although  the  unit  had  more  energy  output 
than  some  of  the  other  devices  tested,  the  blind  persons  did 
not  seem  to  be  able  to  fully  adapt  themselves  to  the  use  of  a 
gating  switch. 

Automatic  Range  Finder 

19.  Some  test  work  was  conducted  on  a  laboratory  model  (Model  2482 
photograph  not  shown)  of  obstacle  locator  utilizing  automatic 
prospecting  or  gating  with  the  introduction  of  a  reference 
signal  at  the  beginning  of  each  gating  sequence.  Distance 

to  the  obstacle  was  measured  by  estimating  the  relative  time 
interval  between  the  marker  signal  and  the  coincidence  of 
received  signal  with  the  gated  interval.  Preliminary  results 
indicated  that  such  an  arrangement  might  have  possibilities  of 
success  although  the  development  was  not  carried  to  final 
completion  because  of  more  urgent  work  associated  with  other 
phases  of  the  guidance  device  development. 

High  Frequency  Solenoid  Unit  Without  Gating  Switch 

20.  As  a  result  of  the  previously  mentioned  tests  at  Haskins  Labora¬ 
tories  on  Model  2489-A  the  Hoover  Company  was  requested  to  con¬ 
struct  a  new  model  without  a  gating  switch.  This  model  (Model  2521) 
shown  in  Fig.  7  and  8,  page  9  was  to  employ  a  high  frequency  bar 

of  at  least  50  KC  in  order  to  lighten  the  unit  and  at  the  same 
time  provide  a  signal  which  would  decay  rapidly  with  distance. 

It  was  thought  that  the  latter  characteristic  might  be  utilized 
as  a  means  of  indicating  approximate  distance  from  an  obstacle. 
Furthermore  the  unit  was  to  be  more  compact  and  lighter  in  weight 
than  the  previous  models  and  the  use  of  a  tactile  stimulator 
instead  of  the  earphone  was  to  be  considered.  Distance  require¬ 
ments  were  lowered  to  10  or  15  feet  with  the  sensitivity  re¬ 
quirements  being  such  that  a  light  cord  should  be  detected  at 
a  distance  of  3  feet.  The  model  is  being  designed  with  a  self 
interrupter  type  contact  mechanism  (similar  to  that  of  a  door  bell) 
as  a  timer  for  the  solenoid.  This  eliminates  the  need  for  a  motor 
driven  timer  and  is  much  lighter. 
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gl.  Work  is  active  at  the -present  time  (March  1947)  on  this  model. 
It  is  expected  to  be  ready  for  tests  at  Haskins  Laboratories 
sometime  during  May  1947. 

Contract  Directors 

EE.  Mr.  D.  G.  Smellie,  Chief  Engineer;  Hr.  G.  ?.  Daiger,  Executive 
Engineer;  and  Mr.  L.  K.  Acheson,  Laboratory  Coordinator. 
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L.  K.  Acheson 
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uistributed  by 

Office  of  the  Publication  Board  *  Department  of  Commerce 
Washington  25,  D.  C. 

All  secrecy  restrictions  on  the  contents  of  this  document 
have  been  lifted.  In  quoting  or  citing  the  report,  please 
give  proper  credit  to  the  authors  and  the  sponsoring  agency. 
In  distributing  this  report,  the  Office  of  the  Publication 
Board  assumes  no  responsibility  for  its  completeness  and 
accuracy  or  for  any  opinions  expressed.  Products  and  proc¬ 
esses  described  may  be  the  subject  of  II.  S.  patents,  and 
the  usual  patent  search  is  recommended  before  making 
practical  applications. 


To  the  best  of  my  knowledge,  the  contents 
of  this  report  as  submitted  by: 


The  Hoover  Cornu  any 
North  Canton,  Ohio 

properly  describes  the  work  performed  by 
this  contractor  under  the  various  con¬ 
tracts  mentioned  in  this  report. 


A.  A.  Bombe 
Technical  Aide 
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